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Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489 S101treatments for knee OA are analgesics or nonsteroidal anti-inﬂamma-
tory drugs (NSAIDs), surgical treatments, intra-articular injections,
physiotherapy, weight reduction, exercise, orthotic (braces), and patient
education. Hyaluronic acid (HA) injection is a nonsurgical new popular
treatment used worldwide. The aim of this study was to demonstrate
the effect of HA injections on postural stability and pain in obese
women with bilateral mild knee osteoarthritis.
Method: This study was approved by Medical Ethic Committee in
University Malaya Medical Centre (919.18/May2012). Twenty-four
obese womenwith mild bilateral knee osteoarthritis age above 50 years
participated in this study. All participants underwent clinical assess-
ment and knee X-ray. Knee X-rays were graded using Kellgren-Law-
rence grading scale. Participants were categorized into treatment (n ¼
12), and control (n ¼ 12) groups. Treatment group received ﬁve weekly
HA injections – Hyalgan 20mg/ 2mL (Fidia, S.p.A, Abano terme, Italy)
into both knees; and control group did not receive any treatment. All
the participants were asked to stop taking medicine two weeks prior to
ﬁrst assessment session (washout period) and instructed not to use any
medicine or undergo any other treatment during this study.
Postural stability (dynamic and static balance) and pain of participants
were assessed before injection or week one and a week after ﬁnal
injection or week six. They were assessed using Biodex Stability System,
“Timed Up and Go” test and visual analog scale (VAS) for pain.The SPSS
Statistics version 17.0 was used for all statistical analysis. Paired sample
t-test and descriptive analysis were used, and the alpha level of 0.05
was deﬁned as statistically signiﬁcant for all the tests.
Results: Total of 24 obese female participated in this study. The mean
age of participants was 58 years, and the mean of BMI was 32.41 (kg/
m2). Table 1 demonstrates the mean and standard deviation of static
balance, dynamic balance, TUG and VAS of all the participants in week
one and week six.Table1
Average and standard deviation of postural stability and pain data
Treatment mean (SD) Treatment mean (SD) Control mean (SD) Control mean (SD)
Week 1 Week 6 Week 1 Week 6
TUG (seconds) 10.52 (0.9) 8.45 (0.8) 9.8 (1.2) 10.5 (1.2)
VAS 5.08 (1.4) 1.5 (0.8) 3.33 (1.2) 4.0 (1.4)
Static balance 0.7 (0.4) 0.5 (0.1) 0.87 (0.4) 0.96 (0.4)
Dynamic balance 1.75 (0.7) 0.76 (0.4) 1.43 (0.9) 1.53 (0.8)Results of paired sample t-test indicated that there is a signiﬁcant dif-
ference in postural stability and pain between week one and week six.
There was a signiﬁcant decrease in TUG [t(11) ¼ 1.22, P<.000], VAS
[t(11) ¼ 8.7, p<.000] and dynamic balance [t(11) ¼ 8.47, p<.000] scores
in treatment group after ﬁve intra-articular HA injection; however, no
difference was shown in static balance [t(11) ¼ 1.58, p<.142]. In con-
trast, there was signiﬁcant increase in TUG [t(11) ¼ -4.33, P<.001], VAS
[t(11) ¼ -3.08, p<.01], static balance [t(11) ¼ -2.303, p<.042] and
dynamic balance [t(11)¼ – 2.493, p<0.03] fromweek one toweek six in
control group. This illustrates that control group condition got worse
over the period of this study.
Conclusion: Fiveweekly intra-articular HA injection improves pain and
dynamic balance in obese women with bilateral mild knee osteo-
arthritis; however, it does not have any effect on static balance.
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THE MECHANICAL EFFECTS OF CHONDROCYTE HYPERTROPHY: A
FINITE ELEMENT STUDY
S.C. Sibole, W. Herzog. Univ. of Calgary, Calgary, AB, Canada
Purpose: It is well-established that some chondrocytes will assume a
new hypertrophic phenotype with the onset and progression of
osteoarthritis (OA). The biological processes of these cells have been
shown to be drastically altered, but themechanical effects due to simply
having a larger geometry are less understood. Whether an increased
volume would be beneﬁcial or detrimental to the cellular mechanics is
not a trivial problem, given the competing factors from the solid and
ﬂuid phases. A larger cell would behave more softly in the solid phase,
but the decreased surface area to volume ratio could lead to more ﬂuid
pressurization, creating stiffer transient behavior.This study investigated the mechanical effects of chondrocyte hyper-
trophy through state-of-the-art multi-scale ﬁnite element (FE)
analysis.
Methods: A simpliﬁed three-dimensional FE model of the medial
compartment of the human knee was constructed with the cartilage,
meniscus, and bone regions represented (Figure 1). The cartilage was
divided into deep, middle, and superﬁcial zones. The thicknesses of the
deep and middle zones were 45% of the total thickness each and the
remaining 10% was superﬁcial layer cartilage. All materials were hyper-
elastic and biphasic. Cartilage and meniscus were anisotropic in both
the solid and ﬂuid phases. Anisotropy was deﬁned by ellipsoidal ﬁber
distribution functions appropriate for each cartilage zone and the
meniscus (Figure 2). A 15% nominal compression of the joint space was
applied over a 0.5 s time interval. The compression was held constant
for an additional 4.5 s, allowing the early transient phase to be explored.
Cellular scale models were constructed of normal and hypertrophic
chondrocytes, with 10 and 20 mm diameters, respectively. These were
embedded in a cube of extracellular matrix and surrounded by a 2.5mm
thick layer of pericellular matrix (PCM). The hypertrophic cell was
modeled with and without the PCM, since the PCM often disappears in
OA. The internal ﬂuid pressures and displacements over time calculated
by the tissue scale model were interpolated to the surfaces of the cel-
lular scale models to serve as prescribed boundary conditions. This was
done considering a cell positioned in the middle zone of femoral car-
tilage. In other words, the mechanical environment of a cell located in
this position was simulated.
Results: The hypertrophic cell experienced elevated deformation rela-
tive to the normal cell as indicated by the effective strain over time
(Figure 3). The effect was further ampliﬁed with the removal of the
PCM. The ﬂuid pressurization of the cell was surprisingly not affected by
the change in diameter or PCM deletion.Conclusions: This preliminary investigation indicates that the cell may
be sacriﬁcing mechanical integrity when assuming the hypertrophic
phenotype as indicated by nearly a threefold increase in cellular
deformation. The analyses performed are most applicable to physio-
logical loading rates and durations, since the majority of the relaxation
phase in which ﬂuid exudation occurs was not modeled. Indeed, no
difference in cell ﬂuid pressurization was observed between models,
indicating that the middle zone of cartilage had not yet begun to relax.
The cartilage permeability is known to be reduced in early stage OA, but
this was not explored. It is possible that this reduction would result in
earlier relaxation of the middle zone cartilage, where a larger cell
diameter may then be advantageous for ﬂuid support. The methods
employed here can be extended to explore this in the future.
Figure 1. In comparison with a semi-ﬁxed knee radiograph (Left), a virtual
radiograph and triplanar visualization of same knee with WBCT may offer
a more accurate 3D evaluation of the joint space width (Right).
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ASSESSING KNEE OA RISK FROM CONTACT STRESS USING LOW-DOSE
WEIGHT-BEARING CT
D.D. Anderson, A.M. Kern, T.J. Stockman, C.M. Findlay, N.A. Segal. The
Univ. of Iowa, Iowa City, IA, USA
Purpose: OA clinical trials are expensive, mostly due to the large
numbers of subjects and the extended follow-up required to detect a
response. A better imaging technique for monitoring joint structure
would provide higher sensitivity and accuracy without increasing the
radiation, time or cost of image acquisition. A low-dose, weight-bearing
CT (WBCT) scanner for the knee offers these advantages, providing
capability to consistently image joints for joint space width measure-
ment (Fig. 1).WBCT also makes possible modeling of knee OA risk related to adverse
mechanical loading. Our prior work identiﬁed an approach to loading
assessment that is knee subregion-speciﬁc, accurate and generalizable
for widespread clinical use. Patient-speciﬁc computational modeling
(Discrete Element Analysis –DEA) provides an expeditious and practical
method to estimate contact stress, based on MRI and weight-bearing
radiographs. This method enables predicting not only inwhom, but also
where in the knee early OA will develop, with the potential to provide
focused guidance for preventive rehabilitative and surgical
interventions.
The ability to quickly and accurately estimate contact stress in the joints
of live subjects marks a substantial breakthrough. However, the
breakthrough presently depends upon multiple imaging modalities
located at different sites, impeding wider clinical implementation.
There is presently no way to affordably and longitudinally obtain the
data needed to estimate articular contact stress in the clinic. The pur-
pose of this studywas to assess the potential forWBCT use in estimating
knee joint contact stress.
Methods: Our group has partnered with a company providing 3D cone
beam CT for musculoskeletal applications, to reconﬁgure an existing
foot and ankle scanner in a proof-of-concept device that permits
weight-bearing knee imaging. The knees of ﬁve different subjects
without radiographic OA were imaged in the WBCT scanner for this
study. MR images of the knees had previously been acquired. Compu-
tational models of the knees (bone and cartilage surfaces) were pro-
duced from segmentations of the MR images, using previously reported
methods.
Two different approaches to registering the 3D (unloaded joint) bone
models into theWBCT image spacewere used. Method 1 involved direct
registration of the femur and tibia models to the 3D CT reconstructions,
while Method 2 involved model-based registration to multiple raw
(intermediate 2D) images acquired during the WBCT scan. Method 1
used an iterative closest point algorithm to align the MRI-derived bone
models to surface models extracted directly from the CT recon-
structions. Method 2 used a 3D model to multi-2D image set registra-
tion algorithm previously reported. This involved registering bone
surface models to corresponding bone edges detected on a series of raw
WBCT images.
The 3D cartilage surface models were then incorporated into each
loaded-apposition knee model, and DEA methods were used to esti-
mate contact stress distributions. The elastic modulus of cartilage used
was 12 MPa, and the Poisson’s Ratio was 0.42. The models were
advanced into contact until the force generated reached 80% of the
subject’s body weight.
Results: The methods described provide a highly efﬁcient means for
obtaining contact stress estimates in the knees studied. Segmentation
accounted for the majority of time expended, at about 2 hours of user
time per knee. Alignments took approximately 4 minutes per bone,
involving over 8,000 cost function evaluations. Both registration
methods provided comparable capability for estimating the contact
stress distributions in the tibiofemoral joint. DEA computations took
